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ABSTRACT

The tensile, compressive, shear and bearing
properties were determined in the longitudinal and long-
transverse directions for a total of 129 lots uvf commerc-~
ially producad 2014, 2024, 7075, 7079 and 7178 plate in
stress-relieved stretched tempers (-TX51), and in thicknesses
from 0.250 to €.000 in. For thicknesses larger than
2.000 in., tensile and compressive properties were determined
in the short-transverse direction.

Tests of 35 lots in "heat-treated-by-user”
tempers were made.

Ratios of tensile, compressive, shear and bearing
properties to corresponding long-transverse tensile proper-
ties were computed. Some variations in ratios occur with

respect to alloy, temper, thickness, location in thickness,
and direction of loading.

Groups of ratios for each alloy in the -TX51
tempers were analyzed statistically. Minimum-average values
were determined. Using these minimum-averaqge values,
toaether with long-transverse tensile properties from speci-
fications as basis "A" values and corresponding basis "B"
values obtained from recent production data, tables of
design mechanical properties of MIL-HDBK-5 were prepared.

Tensile and compressive stress-strain character-
istics were determined. Typical and minimum stress-strain

and compressive tangent-modulus curves were prepared for
MIL-HDBK-5.

Key Words: 2014, 2024, 7075, 7079, 7178 Aluminum; Tensile,
Compressive, Bearing, Shear Properties; Stretched
Stress-Relieved.
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SECTION 1
INTRODUCTION

In the tables of design mechanical properties for
aluminum alloys in MII-HDBK-5, the "A" values for ultimate
tensile stress, tensile yield stress and elongetion in one
direction are the minimum vaiues required in material speci-
fications and are based on the results of considsrable number
of inspection tests of commercial lots. From past experience,
it can be expected that these values will be met by 99 per
cent of the total commercial production. Tests for the ten-
slle properties in other directions and for the compressive,
shear and bearing properties are seldom, 1if ever, made during
routine Inspection; and it would be impractical to provlide an
equally large amount of data for establishing individually
the values for these other properties. For this reason, the
"A" design values for these properties are "derived" values
based on a smaller number of tests, as described in
Paragraph 35.1.1.1.1 of MIL-HDBK-5.

The desirability of stretching heat-treated alumi-
num alloy products, not only for straightening, but also to
reduce residual stresses and warpage during subsequent
machining operations, has been recognized in recent years by the
establishment of the -TX51 tempers. It is realized, however,
that this stre.ching may have a significant effect on some of
the mechanical properties, particularly a reduction of the
compressive yield stress in the longitudinal direction.

While values for some of the properties not covered by
specificatlons are included in MIL-HDBK-5, it is not certain
that all of these values would be the same if they had been
established on the statistical hasis recommended by the
Hnndb?o§ Reliability Subcommittee of the MIL-HDBK-5 Working
Group(l).

The work under this contract was done to establish
design mechanical properties, including stress-strain and
compressive tangent-modulus curves, for 2014, 2024, 7075,

7079 and 7178 aluminum ulloy plate in the relatively new -TX51
tempers. The "derived" values were to be computed using
minimum-average ratios determined by statistical analyses of
the results of the tests to be made.

The final results of thils work are for use even-
tually in MIL-HDBK-5. TFor comparison, similar tests were
made of a small number of samples of plate in the "heat-
trcated-by-user' tempers,

Manuscript released by the authors May 1964 for publication
as an M. Technical Documentary Report,




SECTION 2
MATERTAT,

All samples of plate tested were from lots produced
on regular orders for customers, as they became available;
no sample was produced especleally for this contract., No two
samples were from the same production lot.

The samples were obtained from three producers.
While it was planned originally that not more than two-thirds
of the samples would be from & single producer, it was not
possible to obtain the desired number of samples and also
meet thils requirement.

Originally, it was planned to procure & sample from
each of three to elght lots of 2014, 202%, 7075, 7079 and 7178
aluminum alloy plate in the -TX51 tempers, from each thickness
range shown in the tables of design mechanical properties in
MIL-HDBK-5, August 1962. The number of samples for each
thickness range depended mainly upon the extent of the range.
A lesser number of samples of plate also was ordered in the
-0 or -F temper in most of the thickness ranges, to be heat
treated later for tests of the "heat-treated-by-user' tempers.

Actually, not all of the desired samples became
available, particularly some of those of the larger thick-
nesses., A total of 129 samples in the -TX51 tempers, and 31
in the -0 or -F temper, were recelved. They were produced
between June 1962 and December 1963, with the exception of a
few produced as early as June 1960. The four samples of
2024-0 and -F were tested in two '"heat-treated-by-user"
tempers, so that the total number of samples tested in those
tempers really was 35 instead of 71.

Each sample was 15x20 in., except that these of
2024-0 and 2024-F were 20x30 in. The latter were cut in half
so that the pleces later could be heat treated to the -T42
and -T62 tempers, respectively.

The thicknesses ranged from 0.250 to 6.000 in., The
thickness and identification of each sample are shown in
Table I.

The heat treatment and stretching conditions used
in fabricating the samples of -TX51 plate, as reported by the
respective producers, are shown in Table II.

The 31 samples that were received in the -0 or -F
temper were heat treated to the "heat-ireated-by-user" tem-
pers using the conditions snown in Table III, which are
generally in accordance with MIL~H-6088C,




SECTION 3
PROCEDURE

All tests were made using the smallest suitable
ranges of an Amsler 20,000-1b (Type 10SZBDAS8), an Olsen
Electomatic 30,000-1b, cr a Southwark-Tate-Emery 50,0C0-1b
Universal Testing Machin.. Each of these machines had been
calibrated prior to and during the life of this contract.
The accuracy always was well within thut required by ASTM(2)
and Federal specificaticns, generally belng within 0.75 per
cent for all loads from 1/10 to full range. In all tests,
the range used wes such that loads at the ultimate stress
and yield stress exceeded 1/10 of that range.

Single tests were made except in a few instances
where a review of the results indicated that check tests
vere needed.

Tensile, compressive, shear and bearing tests were
made using longitudinal and long-transverse specimens from
the center of the thickness of each sample, and midway from
the surface to the center of the thickness from all samples
thicker than 1,500 in, Tests also were made using short-
transverse specimens from all plate 2.000 in, or more in
thickness. Bearing specimens were taken in the flatwise
plane from each sample, and also in the edgewise plane from
some samples of plate 1.000 in. or more in thickness.

The general dimensions of the specimens are shown
in Figs. 1, 2 and 3.

The tensile specimens from plate = 0.499 in. thick
were full-thickness sheet-type specimens; for plate =0,500
in. tiick, the largest sultable subsize round specimen was
used. Generally, the 1/2-in, and 1/4-1in, diam tensile
specimcens were of the tapered-seat type(3), but threaded-end
specimens were used in a few tests. The compressive speci-
mens from plate = 0.499 in, thick were full-thickness
sheet-type specimens; for plate >0.500 in. thick, 1/2-in,
diam specimens were used. The tenslle and compressive
tests were conductec in accordance with ASTM Methods E8 and
E9(4,5), respectively, Yield stresses were determined from
autographic load-strain diagrams at 0.2 per cent offset,

The compressive tests were made using a subpress (Fig, 3 of
Methods E9), and lateral support in tests of sheet-type
specimens was provided by a Montgomery-Templin jig (Fig. la
of Methods E9).




The largest sultable shear specimen (3/16- or
1/4-in, diam) was used for/g ate = 0.375 in, thick; for
plate > 0.375 in. thick, 3/6-in, diam specimens vere used.
Tne tests were made using an Amsler double-shear tool in
vhich the specimens were sheared on two planes one inch apart.
The diametral clearance between the shear die and specimen
wvas approximately 0.001 in. to 0.002 in. In the tests, the
loads were applied in a direction normal to the surtace of
the plate from which the specimens were taken. The shear
stresses determined in tests with loads applied in this
direction average about 5 per cent lower than when loads are

applied in a direction parallel to the surface cf the
plate(6).

For the different orientations of bearing speclmens
and thicknesses of plate, the following types of specimens
(Fig. 3) were tested:

Type of Plate
Orientation Specimen Thickness, in.
Flatwise F 0.250-0.315
D 0.373-6.000
Edgewise A,B 1.000-1.280
D 1,500

As reported previously(7), there is little effect
on the values obtalned for bearing properties when these
different sizes of specimens are used.

In the bearing tests, load-deformation curves were
recorded autographlcally and the bearing yleld stresses were
determined at an offset equal to 2 per cent of the pin
diameter. Edge distances of both 1-1/2 and 2 times the pin
diameter were used. The test fixture and the specimens were
ultrasonically cleaned in acetone before testing(8).

Modulus-cf-elasticity and stress-strain tests of
a selected number of samples were made, both in tension and
compression, using longltudinal and long-transverse specimens
as shown in Fig. 4., TFor plate =0.499 in. thick, full-thickness
sheet-type tensile and compresslve specimens were used; for
plate = 0.750 in. thick, 1/2-in. diam tensile and 3/4-in., diam
compressive specimens were used.

The procedure in these tests generally was in
accordance with ..8TM Method E111-61(9). In each test, two or
more cycles of load were applled, the maximum load in the first
cycle usually being just above the proportional limit. In
the first cycle in each tensile test, strains were measured




with an Amsler-Martens mirror-type extensometer over a 6-in.
gege length (ASTM Class A)(10). In the final cycle, strains
were measured with the same instrument over a 2-in. gage
length (ASTM Class B-1)(10), the shorter gage length being
used in order to reduce the amount of resetiing of the exten-
someter during measurement of the larger strains, In each
cycle in the compressive tests, a Tuckerman optical strain
gage was used over gage lengths of 1 in., and 2 in. for sheet-
type and round specimens, respectively (ASTM Class A)(10).
For the determination of each modulus value, the dats were
%x?mined by the strain-deviation procedure in Method E111-61
9 L)

Based on the results of the stress-strain tests,
typlcal and minimum ("A" value) stress-strain curves of the
alloys 1n the -TX51 tempers, and typical curves for each
alloy in the "heat-treated-by-user' tempers, were prepared
for various thickness ranges in accordance with Attachment
59-2%(a) of the minutes of the 20th meeting of the ANC-5
Panel(1l). This method was recommended by the Panel at that
meeting.

From the typical and minimum compressive stress-
strain curves, corresponding compressive tangent-mcdulus
curves were prepared, To do this, parts of the respective
stress-strain curves were replotted using sultably expanded
or compressed scales, The stresgses at various vaiaes of
tengent-modulus then were determined, from which the tangent-
modulus curves wvere plotted.




SECTION 4
RESULTS OF TESTS

Summary tables of the results of individual tests,
of ratlcs among some of those results, of statistical
analyses of the ratios among certain properties, and of pro-
posed design values are arranged as indicated in the Idst of
Tables. In the first two groups of tables, the samples are
arranged in groups according to the thickness ranges in
specif'ications.

Plots of ratios among properties for the samples
of differ :nt thicknesses of ~TX51 tempers are shown in Figs.
5 to 22, The stress-strain and crmpressive tangent-modulus
curves are shown in Figs. 23 to 49.




SECTION 5
DISCUSSION OF RESULTS

The specified minimum velues for tensile properties
of plate of the different alloys and tempers, as now accepted
by the industry, are summerized in Table IV. These are as
shown in the Aluminum Assceiation's Booklet, "Stendards for
Aluminum Mill Products," October 1963 (with one exception as
noted in the table), and generally as they are expected to
appear In ASTM Specification for Aluminum Alloy Sheet and
Plate (B209-64). 1In the cases where values differ from those
shown in the government or AMS specifications now in use, it
i1s understood that the necessary revislons and corrections
are being made in those specifications.

The results of the tests of the individual samples,
with the exception of the stress-strain tests, are summarized
in Tables V to XI. The tensile properties of each sample
exceeded the specified minimum values.

Comparison of the properties of seamples from the
different producers sometimes showed apparent differences.
Tests of significance, however, did not indicate definite
differences, probably because of the small number of samples
from some producers.

The ratios among the tensile, compressive and shear
properties of the indlvidual samples are shown 1n Tables XII
to XVIII, Similarly, the ratios between bearing properties
and tensile properties are shown in Tables XIX to XXV.

The average values of the ratlos of properties in
the longltudinal and long-transverse directions and at the
speclfication test locatlon in the thickness, for the respec-
tive thicimess ranges of the different alloys and tempers,
are shown in Tables XXVI to XXX. For the artificlelly aged
tempers, the ratlos among some of the properties are dis-
tinctly different for the -T651 and -TB51 tempers than for
the ~-T6 and -T62 tempers, respectively. In the solution heat
treated tempers of 2024 (-T351 and -T}2), still larger
differences occur, as would be expected.

For comparison, these tables also contain the
corresponding ratios as indicated by the design values in
MII~HDBK-5; August 1962. Again, there are distinct differ-
ences when the latter ratios are compared with the ratios
from the recent tests of both the stress-relieved stretched
(-1X51) tempers and the “heat-treated-by-user” tempers (-TX,
-TX2). It should be noted that the higher ratlos of bearing




properties to tensile properties for the tests made on this
contract are at least partly the result of an improved pro-
cedure for making bearing tests(8).

In order to use the ratio data for the respective
al’oys and tempers more effectively, a regressicn analysis of
each group of ratios was made to determine whether a signifi-
cuant correlation exists with thickness. In this manner,
ediontage was taken of the data across all thicknesses in
arriving at the minimum average ratios used for determining
derived design values. Vhere no correlation exists, a single
minimum value of R was selected to apply tv all thicknesses.
This vaZae 1s the lower limit of the confidence band around
the average ratic of all the data, Where a significant _
correlation with thickness does exist, values of minimum R
for each thickness range were selected that corresponded with
the lower limit of the confidence band around the regression line
at the mean of each respective thickness range.

These analyses were made of the ratios involving
results of longitudinal and long-transverse tests of the
different samples of the -TX51 temper of each alloy. Similar
analyses were made of the ratlos lnvolving results of short-
transverse tests of 7075-T651 and 7079-T651 but not of the
other alloys and tempers. The distribution of the ratios, and
the values for the different terms in the analyses, are shown
in Tables XXXI to XXXVI. For the ratios involving tensile
ultimate stress and tensile yield stress in the longitudinal
and long-transverse directions, there generally 1s no correla-
tion with thickress; in those ratios involving compressive
yield stress, there frequently is a correlation. In the
ratios involving tensile and compressive stresses in the
short-transverse directions, there are no correlations., In
the ratlos involving shear and bearing stresses, there 1s no
correlation with thickness for the 2000-series alloys, but
there generally 1s for the 7000-series.

Slnce shear and bearlng tests had been made using
both longltudinal and long-transverse specimens, Student's
"t"-test was applied for each alloy to the ratios for each
test direction. to determine whether there was a signifilcant
difference between average ratios for the two directions.
Where none was found,; thc ratlos for the two directions were
combined for computations establicshing the minimum ratio
values that would be used; wherc there was a significant
difference, the ratlo valucs used wvere those for the di-
rection for which the values were more conservative,

The values of ratlos for use in computing design
values from speclfied long-transverse tenslle propertles of
the respective thickness ranges ol each alloy are summarized
in Tables XXXVII to XLII.




Design values for ultimate tensile stress, tensile
yield stress, compressive yield stress, ultimate shear stress,
ultimate bearing stress and bearing yisld stress for the
-TX51 tempers of each alloy have been summarized as shown in
Tebles XLIII to XILVII, In these tables, all differences from
values shown 1n corresponding tables in MIT~-HDBK-5, August
1962, are indicated and explained by footnotes.

In preparing these tables, the values for long-
transverse tensile properties shown in Tabie IV were used as
basis-property "A" values. For those alloys and thickness
ranges for which "B" values for long-transverse tensile
properties are shown in MIL-HDBK-5, August 1962, the same
values were used except where a review of Alcoa's recent
production data indicated definitely that changes should be
made., Jn some cases where the "A" value had been increased,
the "B" value was not changed, because the review would not
support a higher "B" value. Wherever sufficient supporting
production data were available, corresponding "B" values for
other thickness ranges were added. Using these basis-prcperty
values and the ratios in Tables XXXVII to XLII, the remalning
deslgn values, excepting those in the short-transverse
directlon, were computed.

For 2014-T651, the short-transverse "A" values in
MIL-HDBK-5, August 1962, were retained because the number of
samples tested in this direction was considered too small to
Justify statistical determination of minimum-average values
for ratlios among properties. The short-transverse "B" values
vere derived using the same spreads between "A" and "B
values as shown for long-transverse tensile properties.

For 7075-T651, the short-transverse "A" values were
derived using the basis-property long-transverse values and
the ratios in Table XL. Tnhe short-transverse "B" values were
derived using the same procedure as for 2014-T651, It should
be noted that the short-transverse values for 7075-T651 in
Table XLV are definitely lower than those in MIL-HDBK-5,
August 1962,

When preparing Table XLVI for design properties of
7079-T651 plate, & conflicting situation was found. Specifi-
cations for this material contain requirements for tensile
properties not only in the long-transverse directions, but also
in the longitudinal and short-transverse directions. Thess
values computed using the ratios in Table XLI, however, ars
different, Such differences may be explained by the fact
that the ratlos determined from the tests made on this con-
tract are based on & relatively small number of samples, The
longitudinal and short-transverse values in specifications no
doubt are based on tests of a larger number of samples,

9




In Tables XLIII to XLVII of design properties, more
than half of the values for tensile, compressive and shear
properties now shown in MII-HDBK-5, August 1962, have been
changed slightly; and the majority of the changes were
decreases, The lower values for shear stress may be explained
partly by the fact that the loads in the shear tests, in this
investigation, were applied normal to the surface of the plate;
in previous tests, the direction of loading was not controlied.
A1l of the bearing values were changed, those changes generally
being increases, mainly because of the recent tuprovements in
test procedure. For the larger thickness ranges, many new
values for the various properties have been added. In some
cases, they involved interpolation or extrapolation, where no
samples of those thicknesses had been received for testing;
however, this was done only when experience indicated this
would be reasonably satisfactory.

The procedure used in calculating the derived
values. in the tables of design mechanical properties in this
report is in accordance with that recommended by the Handbook
Reliability Subcommittee(l).

Although not of direct interest in connection with
the tables of design mechanical properties in MIL-HDBK-5,
some additional observations concerning differences in
mechanical properties can be made that are of interest.

The properties at center of thickness often were
definitely different from those at midway lccation, the latter
being the location at which specification tensile tests are
made in plate thicker than 1.500 in. The ratios for each
property at center vs mldway locations are summarized in
Tables XLVIII and XLIX, and some averages of these ratios
are shown in Table L. There appeared to be no correlation
between any of the ratios and thickness of plate. For the
same tempers of 2014 and 2024, the ratios were about the
same; and the same was true for 7075 and 7079. For 2024-T351
and -T42, the ratios for ultimate bensile stress, tensile
yield stress and compressive yield stress ranged from 1.03 to
1.10, the range being about the same regardless of temper or
direction. The ranges were smeller for the artificlally aged
tempers of 2014 and 2024, the ratios for the longitudinal
direction then aversaging about 1.00, and in the long-
transverse direction averagling about 0.99. For the artifi-
clally aged tempers of 7075 and 70%9, the ratios for the
longltudinal direction average 1.00, and in the long-
transverse direction, 1.02,

The ultimate shear stress always was lower at the

center location. The average ratlo, 0.93, was about the same
regardless of alloy, temper and direction of specimen,

10




The flatwise bearing properties generally werse lover
at the center location. For 2024-T351 and -TH2, the average
ratio was 0.98, the ratios being slightly lower for the
smaller than for the larger edge dlstance. For the artifi-
cially aged tempers, regardless of alloy, temper (-TX51 or
"heat-treated-by-user"), and edge distance, the ratio was
slightly lower, averaging 0.97.

Another comparison that can be made is that of
bearing properties of plate 1 in. and thicker, when using
edgewlse vs flatwlse specimens. Ratlos for each of these
properties are shown in Tebles LI and LII; the averages are
sumsarized in Table LIII. The average ratios ranged from
1.01 to 0.86. In general, the ratios were about the same
regardless of whether longitudinal or long-transverse speci-
mens were tested; and, 1in the artificially eged tempers,
whether the temper was -TX51 or "heat-treated-by-user." The
ratios generally were lower, however, for ultimate bearing
stress than for beering yleld stress, for 2024-T351 than for
2024-T42, for 2024 in artificilally aged tempers than in
solution~heat-treated tempers, for 2000-series alloys than
for 7000-series alloys (ultimate ‘bearing stress only), and
for an edge distance (e/D) of 1.5 than for 2.0,

The results of the repeated stress-strain tests
are sumarized in Table LIV and the average modulus values
are shown in Table LV.

In the modulus tests, there was a slight difference
in average values in the initial and final loading cycles.,

In tenslle loading, the initial value averaged slightly higher
140,000 p3i); and in compressive loading, slightly lower
40,000 psi). These differences probably occurred because of

resldual stresses, The modulus averaged about 100,000 psi

higher in the long-transverse than in the longitudinal direc-
tion. In 2024, there was no definite difference between the
values for the solution-heat-treated und the artificlally

aged tempers, nor between those for the -TX51 and "heat-

treated-by-user” tempers, nor between the alloys within the

2000 or 7000 series. There were definite differences, however,

between the average values for ths two groups and between those

in tension :and compression.

The modulus va.ues selacted for the alloys and types
of loading, rounded off to the nearsst 100,000 psi, are:

Modulus,
psi
Alloy Series Tensile Compressive
2000 10,700,000 10,900,000
7000 10,360,000 10,600,000

11
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Three of these values are higher than the values shown in
MIL-HDBK-5, August 1952. These new values are used in Tables
XLITT to XIVII, and in the stress-strain and tangent-modulus
curves in Figs. 23 to 40.

Analysis of the results of the individual stress-
strain tests showed that, for a given alloy, temper and
direction, there was no trend with thickness in the offsets
from the modulus line at stresses expressed in per cent of
yield strength in the respective tests. Therefore, knowing
the modulus and having the groups of offset values for a
stated alloy and temper, longltudinal and long-transverse
tensile and compressive stress-straln curves for any alloy
and temper can be derived for any desired values of yileld
stress., Accordingly, typical and minimum ("A" value¥ curves
for the alloys in the ~TX51 tempers, and typical curves for
the alloys in the "heat-treated-by-user" tempers, have been
pfePared for various thickness ranges as shown in Figs. 23
to 40. For each typical curve, the long-transverse tensile
yleld stress was the typlcal value indicated in Alcoa's pro-
ductlon in recent years, and it 1s assumed that the value
for the industry would be about the same., The cther yield
stresses were computed from this tensile yleld stress end
the average ratios shown in Tables XAXVIII to XLII.

Only typical curves were prepared fer the "heat-
treated-by-user" tempers, since the tests of these tempers
in thils report were not considered sufficient to establish
minimum values for yileld stresses not included in specifica-
tions.

12




SECTION 6
CONCLUSIONS

Based on the resulis of tests of commerclally
produced plate that met the requirements for tensile proper-
ties In current specifications, the following conclusions
seem warranted concerning the mechanical properties of 201Y4,
2024, 7075, TOT9 end 7176 plate:

l‘

Average ratios of tensile, compressive and
shear properties *to the long-transverse ten-
slle properties 1 _.ch are determined in tests
required by specifications show that:

a, For the artificially aged tempers, some of
the ratios are distinctly different for
the -TX51 tempers than for the '"heat-
treated-by-user" tempers.

b. For the solution-heat-treated tempers of
2024, differences in ratios are larger
than those for the artificlally aged
tempers.

Minimum-average values of ratios for use in
computing design mechanical properties of
~-TX51 tempers of plate are as shown in Tables
XXVII to XLII. These minimum-average ratios
are the lower limits of the confidence bands
around the average ratios.

For 2014 and 2024 in the -TX51 tempers, these
ratios among properties generally are
independent of thickness of plate. Exceptions
are the ultimate tensile stress of 2014-T651,
the yield stresses of 2024-T351 and the com-
pressive yleld stresses of 2024-T851,

For 7075, 7079 and 7178 in the -TX51 tempers,
some of the ratios among properties vary with
thickness of plate. These ratios always
include ultimate shear stress and bearing yield
stress; they sometimes include tensile and com-
pressive yleld stresses and ultimate bearing
stress; they never include ultimate tensile
stress.

For each of the alloys in the -TX51 tempers,
between the longitudlnal and long-transverse

15




6.

'

directions, there is no definite difference in
the ratios for ultimate shear stress to the
long-transverse tensile stresses. The same 1s
true for the ratios lnvolving bearing stresses,
with the excegtion of the ultimate bearing
stress of 2024-T351.

For plate thicker than 1.500 in., the relations
between the mechanlical properties at the center
of the thickness to those midway from the
center to the surface (the location for speci-

_ fication tests) indicate that:

a. For the respective alloys and tempers,
there 1s no correlation with thickness.

b. For the same tempers of 2014 and 2024, the
percentage differences are about the same;
this also 1s true for 7075 and 7079.

c. For 202i-T351 and -TU2, the ultimate tensile
stress, tensile yleld stress and compressive
yield stress range from 3 to 10 per cent
higher at the center, regardless of temper
or direction (longitudinal or long-
transverse). '

d. For the artificially aged tempers of 2014
and 2024, these properties are about the
same at the two locations, regardless of
temper or direction,

€. For the artificially aged tempers of 7075
and ‘7079, these properties in the longi-
tudinal direction average 6 per cent higher
at the center; in the long-transverse
direction, 2 per cent higher,

f. The ultimate shear stress is 7 per cent
lower at the center, regardless of alloy,
temper and direction of specimen.

g. The flatwise bearing stresses generally
average 2 to 5 per cent lower at the
center, regardless of alloy, temper and
edge distance.

For plate 1 in. and thicker, the bearing
stresses generally average from O to 14 per
cent lower under edgewise than under flatwise
loading. The relations are:

14




10.

11.

a. The percentage differences are about the
same whether loading is in the longltudinal
or long-transverse direction and, in the
artificially aged tempers, whether the
temper is -TX51 or "heat-treated-by-user."

- b. The differences are larger for ultimate

bearing stress than for bearing yileld
stress, for 2024-T351 than for 2024-T42,
for artificially aged tempers of 2024 than
for solution-heat-treated tempers, for
2000-series than for 7000-series alloys
(ultimate stress only), and for an edge
distance of 1.5D than for 2.0D.

The modulus of elasticity of each alloy 1s 2 or
3 per cent higher in compression than in tension.
The values are about the same regardless of
direction of loading (longitudinal or long-
tr&nsverse),‘temper and alloy within the
respective series (2000 and 7000).

Design values for modulus of elasticlty are:

Modulus,
psi
Alloy Series Tensiie Compressive
2000 10,700,000 10,900,000
7000 10,3C0,000° 10,600,000

Design mechanical properties for the -TX51
tempers of plate as currently produced are &s
shown 1in Tables XLIII to XLVII.

Typical and minimum ("A" value) stress-strain
and compressive tangent-modulus curves for
plate as currently produced are as shown in
Figs. 23 to 30,




SECTION 7
RECOMMENDATIONS

It is recommended that the tables of design
mechanical properties in Tables XLIIT to XIVII, and the
stress-strain and compressive tangent-modulus curves in
Figs. 23 to 40, be used in the next revision of MIL-HDBK-5.

16
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TABIE IT

HEAT TREATMENT AND STRETCHING CONDITIONS
FOR STRESS-RELIEVED STRETCHED PLATE

Solution Precipitation
Heat Heat
Alloy Treatment* Treatment¥*
and Thickness, ‘Temperature Stretch, Temp@rature
Temper Producer in. Range, °F Per Cent Range, °
2014-T651, A 0.250-2.500 925-945 1-1/2 to 3 315-340
B 2.000-2.250  925-945 2 330-350
) C 0.312 925-945 1-1/2 to 3 315~-340
202U4-1351 A 0.250-3.000 910-930 1-1/2 to 3 ———
B 0.250-2.000 910-930 2 ———
2024~T851 A 0.220- g 910-93 1-1/2 to 3 365 385
B 0.k 910-930 2 365-385
7075-T651 A 0.314- 3.95 of 880-900 1-1/2 to 3 240-260
B 0.57 880-900 2 200-220; 290-310t
B 0 75-‘_.250 880-900 2 2110260
7079-T651 A 0.252-6.000 830-875 1-1/2 to 3 190-210; 240-260t
B 0.625-3.000 850-875 2 270-250
'178-7651 A 0.250-1.250 860-830 1-1/2 to 240-260
o B 0. fe-l 000 860-880 /2 < 240-260
C 0.435-0.520 860~880 1-1/2 to 3 240-260

¥ Soak times are dependent on thickness but are those that are
sufficient to put the heat-treat phase in solution; or, in the
case of aging, to achieve required properties.

t Two-step aging treatment.

The temperatures shown are generally within recommended industry
standards and within the ranges in MIL-H-6088C,
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TABIE III

HEAT TREATMENTS OF -0 OR ~-F PLATE
TO ORTAIN "HEAT-TREATED-BY-USER" TEMFERS

Solution Pre Cipitatim
Heat Treatment Heat Treatment Final
Temperaturs,t Temperature, Temper
Alloy °F Time# °F Designation
201% 935 8 hr 350 -T6
2024 920 - - ~Th42
920 10 hr 375 -T62
7075 890 ~ 24 hr 250 -76
(¢ 830 5 days RT;
7019 ' 48 e 240 76
7178 875 2% hr 250 -T6

t Soaking time was one hour for thickness ® 0.500 in.
For each additional 172 in. of thickness, 1/2 hr

vas added,

¥ Time shown was sosking

riod for thickness = 0.500 in.

Except for 7075 and 7178, 1/2 hr was added for each
additional 1/2 in. of thickness. For 7075 and 7178,
24 hr was used for thicknesses =1.500 in,; 35 hr for

1.501-2.000 in,; and 48

hr for = 2,001 1in.
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TABIE VI{CONCINDEL)

MECIANICAL PROPERTIES OF STRUSS-RELIEVED STRETCESD 20257351 PLATE
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MECHANICAL PROPERTIES OF PLATE OF SFVERAL ALUMINUM ALLOYS IN THE "HEAT-TREATED-BY-USER" TEMPER
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TABLE XXXVII

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED STRETCHED 201%~T651 PLATE

Thickness, in.

0.250-  0.000-  1.001-  1.501-  2.00%1~ .001-
Ratio 0.499 1.000 1.500 2,000 3,000 .000

Fm(L)/F'm(LT) 0.981 0.986 0.590 0.995 1.002 1.011

Fty(L)/Fty(L'P) 1.023 1.023 1.023 1.023 1.023 1.023

Fcy(L)/Fty( LT) 0.987 0.987 0.987 0.987 0.987 0.987

Fcy(I‘T)/Fty(LT) 1.038 1.038 1.038 1.038 1.038 1.038

Fsu/Fw(LT) 0.602 0.602 0.602 0.602 0.602 0.602
Fb'm/ Ftu(LT)
e/D=1.5 10577 10577 10577 1.577 12577 lo577
8/D=2.0 2.009 2,009 2.009 2,009, 2.009 2.009
Fy W/FW(LT)
e/D=1.5 1.533 1.533 1.533 1.533 1.533 1.533
8/D=2.0 1.811 1.811 1.811 1.811 1.811 1.811
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TABLE XXXVIIX

RATIOS FOR COMPUTING DESIFN MECHANICAL PROPERTIES
-OF STRESS-RELIEVED STRETCHED 2024-T351 PLATE

Thickness, in.

0.250-  ©0.500-  1.001-  1.501-  2.001- .001-
Ratio 0.499 1.000 1.500 2,000 3,000 .000
Ftu(L)/Ftu(LT) 1.008 1.008 1.008 1.008 1.008 1.008
Fty(L)/Fty(LT) 1.148 1.1 1.134 1.126 1.11%4 1.100
Fcy(L)/Fty(LT) 0.946 0.936 0.927 G.%18 0,903 0.884
Fcy(LT)/FW(m‘) 1.075 1,068 1.062 1.056. 1,047 1.035
FJ/F (L) 0.600 ¢.600 0.€00 0.600 0,600 0.600
su "~ tu
Fy N/Ftu(LT)
e/D=l.5 1.514 1.51%4 1.51%4 1.5.% 1,514 1,514
0/D=2.0 1.854 1.854 1.854 1.854% 1.854 1.854
Fy n/Fty(UI‘)
e/Dl.53 1.733 1.733 11733 1,733 1,733 1.733
8/D=2,0 2.075 2.075 2.075 2,075 2.075 2,078
62
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TABLE X0XTX

RATIOS FOR COMPUTING DESTGN macrmmmg PROPERTIES
OF STRESS-RELIEVED STRETCHED 202-T 51 PLATE
Thickness, in.
0.2%" 0.500-

Ratio 0.499 1.000
Ftu(L)/Ftu(LT) 1,001 1.001
F_ty(L)/Fty(LT) 1.010 1.010
Foy{L)/Fy (L) 1.013  1.001

Fcy(LT)/Fty(LT) 1.018 1.013

Fo/ P (LT) 0.572 0.572
Fbm/ Ftu(LT)
e/D=1.5 1.527 1.527
8/D=2,0 1.948 1.948
Fory/ Pyg (L)
6/D’=l-5 10502 10502
6/D=2,0 1.756 1.756

T ot ey 5~ - g v -




TABLE XL

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES

OF STRESS-RELIEVED STRETCHED 7075-T651 PLATE

Thickness, in,.

0.250- 0.500- 1.001- 2.001- 2.501- 5.001- 3,501-
Batio 00499 1.000 2.0% 2.500 3‘000 3’500 'Ooo
Ftu(L)/Ftu(Ilr) 0.938 0,988 0.988 0.988 0.988 0.988 G.988
ptu(sw)/ytu(m) - R — 0,896 0.806 0.896 0.896
Fo (L)/F (1) 1.032  1.032 1,032 1.032 1.032  1.032  1.032
Fty(ST)/Fty(m) ——- — ~-- 0.89%0 0,890 0.890 0.8%
Fc’(L)/Fty(LT) 1.008 0.999 0.987 0.97% 0.966 0.957 0.9%9
Fcy(Iﬂ‘)/Fty(LT) 1,059 1.059 1.059 1.059 1.059 1.059  1.059
Fcy(s'r)/pty(m) ——— - — 1.021 1,021  1.021  1.021
Fau/Piy (1T) 0.562 0,568 0.579 0.591 0.598 0.606 0.61%
Foru/Peu (1)
&/Del 5 1.516 1.516 1,516 1,516 1.516 1,516 1,516
8/Dw=2,0 1,869 1.869 1,869 1.869 1.869 1.869  1.869
e/D=l.5 1.468 1,485 1.517  1.550  1.572  1.59% 1,616
e/D=2.0 1.723  1.7%  1.773  1.807  1.829 1.852  1.87h4
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TABLE XLI

RATIOS FOR COMPUTING DESIGN MECHANI PROPERTIES
OF STRESS-RELIEVED STHRETCHED 7079-TO51 PLATE

e e g S b, Bt

Thiclmess, in.
C.250- 1.501- 2.001- 2.501- 3.001-~ 4.001- 4.501- 5.001- 5.501-

Ratio 1.500 2.000 2,500 3.000 4,000 4.500 5.000 5.500 6.000
Fo(L)/Fy,(Lr)  0.979 0.979 0.979 0.979 0.979 0.979 0.979 0.979 0.979
Pi (8T)/F (L2)  ---  --—- 0.521 0.921 0.921 0.921 0.921 0.921 0.921
Fpy(L)/Fg(L1) 1,017 1.017 1.017 1.017 1.017 1.017 1.017 1,017 1.017
Fpo(8T)/F (1)  ---  --- 0.907 0.907 0.907 0.907 0.907 0.907 0.907
Foy(L)/Fe(Lr)  0.996 0.991 0.589 0.987 0.983 0.978 0.977 0.975 0.973
Foy{Ul)/Feg(Lr) 1.055 1.055 1.055 1.055 1.055 1.055 1.055 1.055 1.055
Fcy(ST)/Fty(LT) -ew === 1,030 1.020 1.020 1.030 1.0%0 1.020 1.0%

Fou/Fiu(LT) 0.576 0.588 0.59% 0.60L 0.611 0.621 0.627 0.63% 0.640

F‘bm/Ftu(LT)
e/D=1.5 1.563 1.563 1.563 1.56% 1.563 1.563 1.563 1,563 1.563
8/D=2.0 1.968 1.968 1,968 1.968 1.968 1,968 1.968 1.968 1.968

Fbry/Fty(LT)
e/Dal .} 1.513 1.540 1.556 1.57L 1.5Q4 1.617 1.633 1.648 1.664
8/D=2.0 1.767 1.7% 1.802 1.85 1.834 1,853 1.866 1,879 1.892
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TABLE XLII
HATIOS FOR COMPUTIKG DESIGN ME&‘W PROPERTTES
T

OF STRESS-RELIEVED STRETCHED 51 PLATE
Thickness, in.
0.250-  0.500-  1.001-  1.501-
Ratio 0.499° 1.000 1.500 2,000
e, (L)/Fy, (LT) 0.988 0.968 0.988 0.988
Foo(L)/Fig (L) 1.032  1.019  1.001.  0.983
Fcy('L)/Fty(LT) 1.000 1.000 1.000 1.000
Fcy(m*)/z?ty(ur) 1.066 1.048 1.024 1.012
Py /Fiy(1T) 0.578  0.549  0.510  0.472
Py Fiu (1)
e/D=1.5 1.528 1474 1.402 1.3%
o/D=2.0 1.878 1.805 1.707 1.609
Fory/ Fiy (L)
8/Del.5 1.53 1.458 1.785 1.312
1.784 1.721 1,638 1.554

¢/D=2.0
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TABLE XLVII
DESIGN MBECHANICAL PROPERTIES OF 7178-T651 ALUMINUM ALLOY PLATE

ALLOY 178
FORM Plate
CONDITION -T651
THICKNESS, in. 0.250-0.499 | 0.500-1.000 | 1.001-1.500 | 1.501-2.000
BASIS A B A B A B A B
Mechanical Properties
F, , ksi

tu 838 gs8 838 858 838 gsC ad 80°d
Ir 8 | 2| & | & | & | ! B | &
Ft 3 ksi

N .
r = o w et | 1l | nSd
Lr 13 5 73 75 T 75 70 L
F.., ksi
v e e B S B B ol B 0 B (5 B B
L | | fr| fe| 13| 17| hea) e
Fgys ki yod | s0% | 468 | uyd | wzd| wye | 3gcd| sged
3y ksi®
b 2

b b b b c cd cd

D=l. 12 1312 | 1242 | 12 118 | 121° | 106°% | 108
ggmz.g; 158b 1610 | 1500 | 185 | 143 | 147e | 12904 | 13004
F ks1®
be/;)=l.5 1102 | 1230 | 1062 | 1090 | 2002} 2048 | 9283} 93%d
ie/n:e.og 130° | 133° | 126° | 125° | 119° | 123° | 1209°¢|110°
s cent
7 8| - | 6| - | vl -] 3 |-
g, 10° pst 10.3
E, 100 pst 10.6°
a, 200 psi 3.9

1t 1

a
b
c
d
e

Lower than for T6 in MIL-HDBK-5, August 1962,

Higher than for T6 in MIL-HDBK-5, August 1962,

New value; not shown i1 MIL-HDEK-5, August 1962,
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Stress, 1000 psi
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Fig. 3. Minimm ("A" Value) Stress-Strain and Tangent-Modulus Curves
Sor TLTB-TE51L Al um Alloy Plate, 0.500-1.000-iIn.
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Fig. %0. Typlcal Stress-Strain and Tangent-Mndulus Curves
for 7178-T6 Aluminum Alloy Plate, 0.250-1.500-in.
(Heat-Treated-By-User)
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